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YARDSTICK DAMAGES IN LOST PROFIT CASES: AN
ECONOMETRIC APPROACH
ROGER

D.

BLAIR* AND AMANDA KAY EsQuIBEL**

INTRODUCTION

A business, which is a profit generating asset of its owners, can be
damaged or destroyed in a variety of ways: franchise terminations, refusals
to deal, tortious interference with contractual relationships, other business
torts, contract breaches, and so on.1 When destroyed, the business's owners have lost their asset and, consequently, the stream of profits generated
by it.2 Not surprisingly, the victimized owners often seek to recover their
lost profits through litigation. Two traditional techniques exist for determining these lost profits: the "before-and-after" approach and the "yardstick" approach. 3 The before-and-after approach compares the plaintiff's
business to itself during different time periods, before and after the
wrongful act.4 The yardstick approach typically compares the plaintiff's
* Huber Hurst Professor of Business and Legal Studies, Department of Economics,
University of Florida. B.A. 1964, M.A. 1966, Ph.D. 1968, Michigan State University. Financial
support provided by the College of Business Administration is gratefully acknowledged. A
good deal of this paper was completed while I enjoyed the hospitality of the Department of
Economics at the University of Hawaii.
** Attorney, Amanda K. Esquibel, P.A., Miami, Florida. B.A. 1983,Jacksonville University; M.B.A 1989,J.D. 1989, University of Florida. We have received useful suggestions from
James A. Burt, Jeffrey L. Harrison, Lawrence Kenny, Scott D. Makar, Mark Rush, and
Deborah Sampieri, who must not be blamed for any remaining errors.
1. Allen S. Joslyn, Measures of Damagesfor the Destruction of a Business, 48 BROOK. L. REV.
431, 431 (1982). With the limitations discussed, the analysis presented in this paper may
apply to any legal theory.
2. It is analytically useful to focus on a business's income stream rather than its tangible
assets. See infra notes 11-13 and accompanying text.
3. See Bigelow v. RKO Radio Pictures, 327 U.S. 251, 266 (1946) (upholding a damage
award calculated by means of the before-and-after approach without reaching the question of
the validity of the yardstick approach); see also Lehrman v. Gulf Oil Corp., 500 F.2d 659, 67172 (5th Cir. 1974) (holding that future profits are an appropriate measure of damages and
that a treble damage instruction is unnecessary); Richfield Oil Corp. v. Karseal Corp., 271
F.2d 709, 711 (9th Cir. 1959) (holding that under antitrust laws it is necessary to prove both
unreasonable restraint of trade and a causal connection between the defendant's act and the
plaintiff's lost revenue in a private treble damages action). For a discussion of the assessment
of lost profits in antitrust actions, see Richard C. Hoyt et al., Comprehensive Models for Assessing
Lost Profits to Antitrust Plaintiffs, 60 MINN. L. REv. 1233, 1233 (1976). Hoyt et al. identify a
third approach known as the market share approach, which compares the relative market
shares of the plaintiff and the defendant. Id. at 1239. The market share approach attempts
to compensate for deficiencies in the before-and-after and yardstick approaches. Id. at 1233.
The Supreme Court recognized the validity of the market share approach in Zenith Radio
Corp. v. Hazeltine Research, Inc., 401 U.S. 321 (1971). See Hoyt et al., supra, at 1241. To
employ the market share approach, considerable data on relevant market definition, market
sales, market economics, and market entry conditions are required. Id. at 1243. See generally
E. COMprON TIMBERLAKE, FEDERAL TREBLE DAMAGE ANrrRus-r AcrONs 302-57 (1965) (dis-

cussing the damage measures available in antitrust cases).
4. Hoyt et al., supra note 3, at 1233-36.
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business to another business that is substantially similar.5 The underlying
assumption of the yardstick approach is that "but for" its destruction, the
plaintiff's business would have performed as the one to which it is being
compared, thereby providing a measure (or yardstick) of the plaintiff's
6
injury.
This article provides a detailed examination of an econometric
method of estimating damages by the "yardstick" approach. Generally
when employing the "yardstick" approach, a plaintiff attempts to find a
clone of its destroyed business. 7 These attempts are usually unsuccessful
because clones do not exist in real world markets.8 This article strives to
overcome this obstacle by using econometric methods 9 to construct a
"composite business" that is a "statistical clone" of the plaintiff's business.
Using this composite model, the plaintiff can project the profits that his
business would have earned had it not been destroyed. Although this
measure of damages has not received much attention and is not as frequently employed as the before-and-after approach, it nevertheless has
great potential.
This article identifies some of the problems associated with the traditional yardstick approach to measuring damages. It then illustrates the
use of econometric modelling to construct a "statistical clone" of a hypothetical plaintiff's business with some data obtained from a restaurant
chain.
I.
A.

THE YARDSTICK APPROACH TO DAMAGES

The Millers' Tale

A hypothetical example is helpful in illustrating the application of
econometrics to the yardstick approach. The B&E Development Corporation ("B&E") owns a chain of highly successful restaurants in the casual
theme segment of the restaurant industry. These restaurants, which are
known as Jolly Rogers, serve seafood and other family fare in a casual setting. In an effort to expand its culinary empire faster, B&E decided in
5.
6.
7.

Id. at 1236-39.
Id.
For example, in Autowest, Inc. v. Peugeot, Inc., 434 F.2d 556, 564-65 (2d Cir. 1970),

the plaintiff, a wrongfully terminated automobile dealer, offered proof of sales projections of
other dealers in different markets. Similarly, in Smith Dev. Corp. v. Bilow Enterprises, Inc.,
308 A.2d 477, 483 (RI. 1973), the Rhode Island Supreme Court found evidence of McDon-

ald's' extensive experience elsewhere to be admissible to prove lost profits at a specific location. While it is nearly impossible to find an identical business, the clone approach requires
only that the two businesses be comparable and similarly situated in their respective areas of
competition. TIMBEA.KE, supra note 3, at 330. If a single firm is used for comparison purposes, the variations between the two will be taken into account by the trier of fact. Id. Our
approach accounts for these variations in a systematic way.

8: See, e.g., Home Placement Serv. Inc. v. Providence Journal Co.,-819 F.2d 1199, 1206
(lst Cir. 1987) (holding that the plaintiff must show "product, firm and market comparability" and that the yardstick firm is "unaffected by the defendant's antitrust violation").

9. Econometrics is the application of statistical methods to economic models of markets or firms. See generallyJAN KMENTA, ELEMENTS OF ECONOMETRICS (1971).
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1987 to begin franchising some of its new locations. 10 But things did not
go smoothly for B&E's franchising efforts and in 1990, as a result of continuing quality control problems, B&E decided to abandon its franchise
operations and terminate its franchisees. Following the terminations, B&E
began operating the formerly franchised locations.
Not surprisingly, the franchisees were negatively affected by this decision. Mark and Mary Miller, in particular, were outraged because of the
numerous personal and professional sacrifices they had made to become
franchisees, only to be terminated after a scant ten months of operation.
By terminating their franchise, B&E destroyed the Millers' business.
The Millers were determined to sue for their damages suffered from
the destruction of their business. In determining damages for the destruction of a business, the general rule is that the plaintiff may recover an
award of lost profits." This rule treats a business as an asset that produces
a stream of profits for its owners.1 2 The plaintiff's damages are the present value of these lost profits, which is expressed by the following
equation:
L,
L2
L,_
+•••
L2L
PV(L) = L,+
1+i

(1+i) 2

(1+i)'

where PV(e) signifies present value, L represents the lost profits, i is the
discount rate, and the subscripts on L denote the year in which the lost
profits would have been earned.
Assuming that the discount rate (i) is constant, a compact way of expressing this summation is
10. For an examination of the problem of quality assurance for the franchisor and the
conflicts that arise between a franchisor and its franchisees, see Scott Makar, In Defense of
Franchisors: The Law and Economics of FranchiseQuality Assurance Mechanisms, 33 VILL. L. REv.

721 (1988).
11. Lost profits are widely accepted as a form of consequential damages for a wrongful
breach of contract under common law principles. See Blanton v. Mobil Oil Corp., 721 F.2d
1207, 1217 (9th Cir. 1983), cert. denied, 471 U.S. 1007 (1985); Cecil Corley Motor Co. v. General Motors Corp., 380 F. Supp. 819, 853-54 (M.D. Tenn. 1974). Similarly, many franchise
termination statutes provide for recovery of lost profits. See, e.g., Busch v. National Sch. Studios, Inc., 389 N.W.2d 49, 53 (Wis. Ct. App. 1986), aff'd, 407 N.W.2d 883 (Wis. 1987) (applying Wisconsin Fair Dealership Law).
In a case of the complete destruction of a business, the present value of the lost profits,
which represent the return on the business as an asset, equals the going concern value but
for the business's destruction. The profit stream must be reduced to present value by discounting at a rate that reflects the time value of money as well as business risk. Present value
is the value of a dollar, which will not be received until sometime in the future, adjusted to
determine its equivalent value if it were received today. In Jones & Laughlin Steel Corp. v.
Pfeifer, 462 U.S. 523, 536 (1983), the United States Supreme Court endorsed the present
value concept, stating that "the damages award is paid in a lump sum ... and when ...
invested will earn additional money." For an exposition of discounting methods, see EUGENE
F. BRIGHAM, FINANcLt
MANAGEMENT: THEORY AND PRACnCE 89-127, 90 (4th ed. 1985) ("[O]f
all the techniques used in finance, none is more important than the time value of money.").
See also Lehrman v. Gulf Oil Corp., 500 F.2d 659, 663-64 &,n.14 (5th Cir. 1974) (finding that
"because future profit potential is a principal element of a firm's going concern value an
award should not include both").
12. In the case of a partially destroyed business, the lost profits equal the decrease in the
business's going-concern value due to the partial destruction.
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T

PV(L) = I__
t~l (1+i) t

where I denotes summation and T is the length of the damage period.
When a business has been destroyed and cannot be reestablished, the appropriate value for T arguably is infinity because businesses do not necessarily have finite lives. If this is true, a further simplification is possible if
the future losses are assumed to be the same in each year. In those
circumstances,
PV(L) =

L
-

For example, if the projected loss were $100,000 per year forever and the
discount rate was 12.5%, then the present value of the lost profits would
be
$100,000
PV(L) = $100-000

0.125

= $800,000

In the Millers' case, the lost profits approach represents the only
proper conceptual measure of damages. 13 Since the Millers had only 10
months of actual experience operating a Jolly Rogers restaurant, the
14
before-and-after approach to damage estimation is not a viable option.
This leaves the yardstick approach as the most appropriate technique to
determine damages.
13. From the standpoint of economic theory, the destruction of a plaintiff's business
represents a lost opportunity to make profits on this investment. Occasionally courts refer to
and permit an award of loss of going concern value in lieu of, but not in addition to, the lost
profits. However, the lost profits measure and the going concern value measure are not so
much alternative valuations of damages as they are different names for the same thing. The
going concern value of a business is the amount received when a business is sold as an operating business. In essence, the going concern value of this profit producing asset is the present
value of the profit stream associated with it. See Richard R. Rulon, Proofof Damagesfor Terminated or Precluded Plaintiffs, 49 ANIramusr L.J. 153 (1980). "[ T ] he resulting value should be a
reasonable approximation of what a willing buyer would pay and a willing seller would accept
for the business." Id. at 155 (citation omitted). For a comprehensive analysis of lost profits
in franchise termination cases, see Roger D. Blair, Measuring Damages for Lost Profits in
Franchise Termination Cases, 8 FRANcHISE L. J. 3 (1988) (demonstrating lost profits method,
discounting principles, alternative measures of business valuation and the mitigation
principle).
Agreement on the conceptual measure, however, is simpler than empirical measurement itself. The parties will dispute each element of the present value calculation: (1) the
estimate of lost profit, each period, (2) the appropriate discount rate, and (3) the duration
of the damage period. While each of these is important, our focus is on ways of estimating
the lost profits. In these calculations, the interest rate (i) need not be held constant and may
vary from year to year. Similarly, the annual profit (L) may change over time due to growth
in the business, anticipated business cycle influences, the introduction of new competition,
and similar influences.
14. Some courts have permitted damage recoveries on the basis of very short operating
histories. See Mechanical Wholesale, Inc. v. Universal-Rundle Corp., 432 F.2d 228 (5th Cir.
1970) (one month); Larsen v. Walton Plywood Co., 390 P.2d 677 (Wash. 1964) (six months);
Edwards v. Container Kraft Carton & Paper Supply Co., 327 P.2d 622 (Cal. Ct. App. 1958)
(12 days).
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The ideal yardstick would be an identical business functioning in an
independent yet identical market. In other words, the ideal yardstick
would be a clone of the plaintiff's business. If a clone existed, its performance would reflect the "but for destruction" performance of the plaintiff's
business. Clones, however, rarely exist in the real world. Characteristics of
demand and supply vary in myriad ways: population size, wealth, income,
age distribution of the population, racial and/or ethnic composition, female labor force participation rates, quality of operations, hours of operation, prices charged, presence of competitors and locational convenience
can vary widely across different geographic markets. Finding an identical
twin of Mark and Mary Miller's restaurant would be exceedingly difficult,
if not impossible.
Case law, however, does not demand that the Millers find an identical
twin. Instead, it imposes the less stringent requirement of substantial similarity, permitting the use of the yardstick approach. 1 5 The yardstick approach is nonetheless vulnerable to arguments that the yardstick
candidate differs from the plaintiff's business in ways which make the
comparison meaningless and render the plaintiff's damage estimate
16
speculative.
B.

The Case Law

In Bigelow v. RKO Radio Pictures,17 the United States Supreme Court
reviewed evidence of damage estimates using both the before-and-after approach and the yardstick approach.' 8 The plaintiffs were independent
movie exhibitors who claimed rival exhibitors received films before the
independent exhibitors as a result of an illegal conspiracy with the defendants. 19 Because of the continuous delays in distribution, plaintiffs lost
profits.

20

The plaintiffs introduced two damage estimates at trial.21 The

first estimate used a comparison of the plaintiffs' operations with those of
another competitor during the conspiracy period.2 2 The competitor,
which obtained movie releases in advance of the plaintiffs, was comparable
in size to the plaintiffs.

23

The competitor's equipment and location made

it less attractive to movie theater patrons. 2 4 Despite the differences, the
See TIMBERIAKE, supra note 3, at 302-57.
16. See Hoyt et al., supra note 3, at 1237-39. In some cases, lost profits are too speculative
to form the basis for a damage award, but are accepted anyway because the alternative would
be the denial of recovery to a wronged party. See 2 PHILLIP AREEDA & DONALD F. TURNER,
15.

ANTITRUST LAW: AN ANALYSIS OF ANTITRUST PRINCIPLES AND THEIR APPLICATION I

344(c)

(1978); see also Roger D. Blair & William H. Page, Speculative Antitrust Damages, 70 WASH. L.
Rav. (forthcoming 1995).
17. 327 U.S. 251 (1946).
18. Id. at 257-58.
19. Id. at 253-54.
20. Id. at 254.
21. Id. at 257. Although damages should be an award of lost profits, the jury in Bigelow
may have based its award on lost receipts or lost earnings. Id. at 258.
22. Id. at 257-58.
23. Id.
24. Id.
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yardstick estimate showed a decline in the plaintiffs' business. 25 The second estimate compared the performance of the plaintiffs' business before
and after the violation. 26 This before-and-after approach also demonstrated that the plaintiffs' business had declined during the conspiracy
27
period.
On the issue of damages, the Court addressed the defendant's argument that because the plaintiffs' business and the yardstick business competed in the same market, the conspiracy actually enhanced the financial
performance of the selected yardstick. 28 The yardstick evidence, therefore, amounted only to speculation regarding the impact of the conspiracy
upon the plaintiffs' performance.2 9 Consequently, the defendant argued
that both measures were invalid.30 The Court rejected this argument and
upheld the lower court's damage award.3 1 The Court carefully affirmed
on the basis of the before-and-after evidence alone, leaving open the question of whether the yardstick evidence would have provided sufficient sup2

port for the verdict.a

By negative implication, one may draw the inference from Bigelow that
the yardstick approach is a viable technique.3 3 The yardstick business in
Bigelow, however, was not in an independent market; therefore, its financial success could be attributed at least in part to the violation.
34
Cases such as Farmington Dowel Products v. Forster Manufacturing Co.
also illustrate what factors a court considers significant in determining
whether a yardstick business is substantially similar.3 5 In Farmington, the
defendants violated the antitrust laws by discriminating in price.3 6 The
district court refused to admit evidence offered by the plaintiff's expert
that used one defendant's business as a yardstick.3 7 The district court
38
identified several ways in which the two businesses were not comparable.
39
First, the product lines were different.
While the plaintiff had a single
product, the defendant's business was more diversified. 40 Second, the
methods of distribution differed considerably. 4 1 The plaintiff's business
25.

Id. at 258, 260. On the issue of fact of damage, the Court considered the two esti-

mates to be cumulative evidence tending to show that the plaintiff was harmed. Id. at 260.
26. Id. at 258.
27. Id.
28. Id. at 260-63.
29. Id. at 263.
30. Id.
31. Id. at 266.
32. Id.
33. Another inference to be drawn from Bigelow is that the yardstick approach is inferior
to the before-and-after approach because of the difficulties associated with finding a substantially similar business in an independent market.
34.

35.
36.
or tend
37.
38.
39.
40.
41.

421 F.2d 61 (1st Cir. 1970).

Id. at 82.
Id. at 65. Price discrimination is illegal if it may "substantially... lessen competition
to create a monopoly." 15 U.S.C. § 13(a) (1988).
Farmington, 421 F.2d at 82.
Id. at 82 n.48.
Id.
Id.
Id.
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had little sales organization compared to the defendant's national system.4 2 Third, significant differences existed between the financial structures of the two firms. 43 The plaintiff's business was minimally
44
capitalized, while the defendant's business was adequately capitalized.
Finally, the defendant operated in the same market as the plaintiff, not an
independent one, meaning the yardstick's profits included the illegal
profit gained from the price discrimination. 45 On appeal, the court of
46
appeals affirmed the exclusion of the yardstick evidence.
In an effort to overcome similar problems, the plaintiff's expert in
Admiral Theatre Corp. v. Douglas Theatre Co.4 7 introduced a composite yard48
stick-a rudimentary version of that to be discussed later in this article.
Because of the geographic proximity of two competitor theatres to the
plaintiff's theatre, and because the seating capacity of the plaintiff's theatre was about one half that of the two competitors' theatres combined, a
major assumption of the damage evidence was that the plaintiff's business
was comparable to a composite, or average, of the two competitor theatres
"taken together and halved." 49 The court was required, therefore, to examine both the independent market issue and the substantial similarity
issue. Echoing Bigelow and FarmingtonDowel, the court pointed out flaws in
using firms within the same market as yardsticks.5 0 The profits reflected
the illegal activity because the yardsticks operated in the tainted market.5
The court criticized the damage estimate for failing to accommodate differences between the plaintiff and the yardstick's film supply, bidding
practices, and revenues and expenses associated with films not affected by
the conspiracy. 52 Based on these foundational weaknesses, the court rejected the composite technique. 5 3
Although the court in Admiral Theatre rejected the composite yardstick damages as too speculative, the idea of using a composite when there
are no substantially similar businesses is nonetheless a good one. A useful
composite would contain all the characteristics of the plaintiff's business
but would not suffer from the infirmities associated with operating in the
same market. This composite approach is within the spirit of the yardstick
42. Id.
43. Id.
44.
45.

Id.
Id. This sentiment was echoed in the Todorov decision regarding a physician's claim

for a share of the monopoly profit, which he lost through a hospital's denial of staff privileges. Todorov v. DCH Healthcare Authority, 921 F.2d 1438, 1452-53 n.23 (11 th Cir. 1991).
46. Farmington, 421 F.2d at 83.
47. 437 F. Supp. 1268 (D. Neb. 1977).
48. Id. at 1297. In Admiral Theatre, the plaintiff alleged a conspiracy in film distribution.
Id. at 1272-73. Before delineating its reasons for rejecting this unconventional approach, the
court noted that the foundation upon which the plaintiff built the case was a contributing
factor in not overcoming a directed verdict. Id. at 1274.
49. Id. at 1297.
50. Id. The court also questioned the validity of plaintiff's assumption that better film
quality for the plaintiff would have had no effect on the yardstick's patronage. Id. at 1298.
51. Id. at 1298.
52.

Id.

53. Id. In some instances, industry averages have been used successfully. See, e.g., Tucson Fed. Say. & Loan Ass'n v. Aetna Inv. Corp., 245 P.2d 423, 429 (Ariz. 1952).
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method because it is an attempt to build a "clone" where a suitable substi54
tute does not actually exist.

The difficulty with the composite approach was aptly illustrated in Admiral Theatre. The composite did not withstand a rigorous analysis. For
the composite yardstick approach to be effective, it must be more scientific. Econometric or statistical techniques can be used to develop composite yardsticks that will provide a better foundation for comparison with
the plaintiff's business and withstand judicial scrutiny. Techniques like
multiple regression analysis allow an expert to systematically incorporate
more relevant data in a composite yardstick and consequently produce a
more reliable and precise damage estimate. In the next section, a yardstick is constructed through the use of statistical techniques that are simple to follow.
II.

AN ECONOMETRIC APPROACH TO YARDSTICK DAMAGES

Econometrics is a blend of mathematical and statistical methods that
is used to analyze economic data. 55 A basic tool of econometrics is multiple regression analysis, a statistical technique that has proved to be extremely useful in estimating the effects of one or more economic variables
on some item one is interested in measuring. In the language of statistics,
this item is referred to as the "variable of interest." 5 6 In the context of a
suit for commercial damages, the variable of interest is lost profits, because that is what a plaintiff is entitled to recover as a result of a defendant's wrongful conduct. 57 In simple terms, if one is interested in
estimating profits, multiple regression analysis is a statistical method of
identifying the set of factors that impact upon or determine profits. In
addition, multiple regression analysis provides a way to estimate the size of
each factor's impact on profits. Therefore, multiple regression analysis, by
isolating and estimating the importance of the determinants of profits,
54. For other cases discussing yardstick damages, see Autowest, Inc. v. Peugeot, Inc., 434
F.2d 556, 563-67 (2d Cir. 1970) (termination of an automobile distribution franchise);
Union Carbide & Carbon Corp. v. Nisley, 300 F.2d 561, 575-78 (10th Cir. 1961) (government
purchase of ore allowed as a yardstick measure of plaintiff's damages); Richfield Oil Corp. v.
Karseal Corp., 271 F.2d 709, 714 (9th Cir. 1959) (to prove lost sales, plaintiff introduced the
sales of a comparable product); Flintkote Co. v. Lysfjord, 246 F.2d 368, 391 (9th Cir.
1957) (plaintiffs based their lost profits estimate on the assumption that they would have
made as much working for themselves as they and their previous employer made combined);
Delaware Valley Marine Supply Co. v. American Tobacco Co., 184 F. Supp. 440, 444-50 (E.D.
Pa. 1960) (lack of business history and lack of yardstick made it necessary to construct a
hypothetical profit projection); Homewood Theater, Inc. v. Loew's Inc., 110 F. Supp. 398,
412 (D. Minn. 1952) (classic yardstick case where plaintiff introduced evidence showing the
gross receipts of comparable theatres); William Goldman Theatres, Inc. v. Loew's, Inc., 69 F.
Supp. 103, 107 (E.D. Pa. 1946) (another classic yardstick case where plaintiff introduced
evidence of the receipts of a comparable theater operated by the defendant).
55. For thorough treatments of econometrics, see JAN KmENTA, ELEMENTS OF
ECONOMETRICS (2d ed. 1986). See also G.S. MADDALA, INTRODUCTON TO ECONOMETRICS (2d

ed. 1992).
56. For a compact treatment of multiple regression analysis, see Franklin M. Fisher, Multiple Regression in Legal Proceedings, 80 COLUM. L. Rav. 702 (1980). For more extended developments, see KMENTA, supra note 55. See also MADDALA, supra note 55.
57. In an antitrust context, see Jeffrey L. Harrison, The Lost Profits Measure of Damages in
Price Enhancement Cases, 64 MINN. L. Rv. 751 (1980).
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makes possible the prediction of profits "but for" the wrongful action. Absolute certainty about the size of the loss cannot be attained, but the available data can be used to make the estimate as scientific as possible.
Furthermore, multiple regression analysis can scientifically indicate the
level of certainty associated with a damage estimate. For plaintiffs desiring
to use multiple regression analysis or any other evidence of damages,
proof of damages does not require absolute certainty. On the contrary,
the case law provides that "reasonable certainty" or a "reasonable inference" is enough.5 8 Because multiple regression analysis is a scientific
method, it offers a plaintiff the potential for obtaining damage evidence
that is more likely to satisfy this standard than other types of damage evidence that may be presented anecdotally or on an ad hoc basis. Multiple
regression analysis works by using a random sample drawn from the population and making a statistical inference or conclusion about the population from the observed characteristics of the sample. The analysis
expresses that inference or conclusion in terms of the level of certainty or
59
degree of confidence associated with the conclusion.
A.

Fundamental Steps in Multiple Regression Analysis

Any sound multiple regression analysis proceeds through several orderly steps.
Step 1. First, one builds an economic model and thereby identifies the
most important economic and demographic factors that influence the variable of interest. Economic theory determines which variables should be
included and which should be excluded.6 Practical problems of implementation relating to the availability or reliability of data may require subsequent modification of the model, but the initial focus should be on the
theoretical construction of the model.
At this stage, the model is in a general, abstract form:
P = f(XYZ)

In this equation, P represents profit and is the dependent variable of interest to be explained by the model. The independent variables-those that
determine or explain profits-are X, Y and Z. Finally, the f(o) notation
denotes the mathematical relationship, whatever it may be, between the
independent variables and the dependent variable. In other words, the
58. See Bigelow v. RKO Radio Pictures, 327 U.S. 251, 264 (1946) ("the jury may make a
just and reasonable estimate of the damage based on relevant data, and render its verdict
accordingly"); Story Parchment Co. v. Paterson Parchment Paper Co., 282 U.S. 555, 562
(1931) ("The rule which precludes the recovery of uncertain damages applies to such as are
not the certain result of the wrong, not to those damages which are definitely attributable to
the wrong and only uncertain in respect of their amount."); Malcolm v. Marathon Oil Co.,
642 F.2d 845, 858 (5th Cir. Unit B Apr. 1981) ("averages may be used to show that the
plaintiff generally lost money over time").
59. Degrees of confidence have a very precise statistical definition; simply put, however,
they are measures of one's confidence in a model or the reliability of that model.
60. In particular, it is inappropriate to let the data dictate the specification of the model.
If this is done, the results will be ad hoc and may be of no use in predicting sales or profits in
general.
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value of P is explained by or dependent on the values of X, Y and Z, and
conversely, X, Y, and Z determine or explain the value of P.
Step 2. The second step in this process is to select a specific functional
or mathematical form that will accurately express the relationship between
the independent variables and the dependent variable. For most practical
purposes, a linear relationship is assumed, at least initially. This means the
relationship between the dependent and independent variables would appear to be a straight line if plotted on a graph with one of the axes representing P and the other representing X or Y or Z. In other words, a linear
relationship means that one would expect that there would be some ratio
(e.g., 3:1 or 2:1) that would always explain the relationship between the
dependent and independent variables. One may assume that the economic model can be expressed as follows:
P = a + bX + cY + dZ
Of course, we do not live in a linear world. It is unrealistic to expect that
the relationship between P and X, Y or Z is precisely linear or does not
change depending on the value of variables. But in some instances, a linear approximation, although not precisely accurate, may provide a sufficient level of certainty to be used for purposes of legal proof-a
determination which should be jointly made by the lawyer and expert.
When linear approximation is not accurate, however, nonlinear estimation methods can be used. They require a more complicated multiple
regression model that is conceptually the same as a linear model but involves higher-level mathematics.
Step 3. Having specified a clear mathematical relationship between
the dependent variable (P) and a set of independent variables (X,Y,Z), the
third step involves gathering data, because one must have observations or
sample data on all of the variables P, X, Y, and Z. Normally, a sample
drawn from the population is examined instead of the entire population.
Statistical inference permits us to make judgments about the population
on the basis of sample information. The sample data are drawn from appropriate data sources, which will vary from case to case. In many instances, company records can be tapped for important economic variables
such as sales, prices, output, employment, production capacity, salaries
and wages, and the like. Data on population, age distribution, ethnicity,
wealth and other economic and demographic factors can be obtained
from public sources or from private data collection services. In some
cases, the data must be compiled from market transactions.
In any event, care must be exercised to insure that the data are recorded accurately and that common measurements are used. For example, if annual advertising expenditures are recorded from one restaurant
location, then annual advertising expenditures must be recorded for all
locations. It would distort the analysis if quarterly data were inadvertently
included for several locations. Moreover, it is helpful if the data span the
same time period; otherwise, exogenous economic factors could distort
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the analysis. 6 1 Suppose, for example, that one firm is on a July 1 through
June 30 fiscal year and another is on a September 1 through August 31
fiscal year. Hurricane Andrew devastated the Miami area in August 1992.
The influence of this devastation appears in the 1992 fiscal year for one
firm but not for the other. This is a potential source of distortion that may
require adjusting the data.
Step 4. The fourth step is to use the multiple regression model constructed to analyze the data for the particular case at hand. This will be
examined in greater detail in the next section.
Step 5. Finally, one must interpret the results of the analysis and apply
them to the problem of damage estimation. This too shall be examined
below.
B.

Application to Jolly Rogers

We will use the Jolly Rogers hypothetical to develop the concept of
multiple regression analysis and its application in proving yardstick damages. Following termination, the Millers sued the B&E Development Corporation and won a resounding victory. Among the remedies they
requested were damages for lost profits. To make a damage award to the
62
Millers, one must estimate the lost profits during the 1990-1992 period.
One approach to estimating lost profits relies upon the historical experience of the business in question. As discussed before, this approach
may be a problem if the franchisee does not have a long financial history,
which is precisely the Millers' situation. The yardstick approach addresses
this problem by examining the economic performance of other similar
franchisees and drawing inferences about the Millers' performance "but
for" the wrongful termination. In this regard, multiple regression analysis
is a useful tool because it assists in estimating profits for the terminated
franchisee using the factors that determine profits for other franchisees.
To this end, we will estimate the relationship between profits and certain
economic and demographic variables for the outlets in the franchise system. We can then employ the specific characteristics of the Millers' location and the estimated relationship for franchisees generally to statistically
infer the Millers' lost profits.
A sample of seventy-five restaurants in the Jolly Rogers system was selected for analysis. B&E's records provided information on profits by location in 1990. These data displayed a wide range of values: the lowest profit
figure was $80,300, the highest was $266,600, and the average was
$153,500. The distribution within this range is provided in Table 1. From
these data alone, it would be difficult to predict the profit level that the
61. It is possible to control for these exogenous factors, and one must be sure to do so if
data are drawn from different time periods. In addition, this makes the analysis more
complicated.
62. This may be a bit too simplistic and unfair to the Millers. To some extent, momentum is critical to business success. This interruption could have adverse consequences that
extend into the future despite the injunction. In this event, future losses will have to be
estimated as well.
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Millers could reasonably expect. One might consider using an average,
but multiple regression analysis provides a more scientific and accurate
prediction.
TABLE 1
DISTRIBUTION OF FRANCHISEE PROFITS

Profit*

1990

Number of Locations

$75-100
7
100-125
12
125-150
23
150-175
15
175-200
19
200-225
3
225-250
2
250-275
4
* Measured in thousands of dollars.
Experience has shown that patrons of this franchise system are drawn
largely from those who live within a five-mile radius of the restaurant. As a
result, we are interested in the economic and demographic characteristics
of the population within a five-mile ring around each location. The initial
model, which is very simple, has only one independent variable. Specifically, this model expresses restaurant profits as a function of the total population within a five-mile ring surrounding each restaurant location. 63 In
Figure 1, each restaurant location is represented by a point that reflects
the population within a five-mile ring and the profits at that location. An
examination of Figure 1 does not reveal any precise mathematical relationship between population and profits. The horizontal line represents
the average profit of $153,500 across the entire sample of seventy-five locations. Those restaurants located in less populous areas tended to have
below average profits. Conversely, Figure 1 indicates that restaurants located in more populous areas generally had higher profits. This suggests
that we do not want to rely upon the sample mean for an estimate of profit
at any particular location.
Multiple regression analysis allows us to uncover the general tendency
of profit to increase with population and to approximate it with a straight
line. Thus, the initial regression equation is specified as
P = a + bPOP + e
where P represents profit, POP represents population within a five-mile
ring, and e accounts for random disturbances or factors other than POP.
By including the random disturbance term, we recognize that the profit
figure equals the sum of a deterministic component, a + bPOP, and a
probabilistic component, e. 64 The deterministic portion is composed of
63. A private data collection service obtained the population data.
64. Adding the random error term in the regression equation makes the model probabilistic rather than deterministic. As a result, there is a whole range of values for P corresponding to each value of the independent variable. For instance, one restaurant with
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the identified independent variables (in this case, just POP) that we expect to explain the franchisee's profit (P). The probabilistic component
of the equation is the unexplained portion of P, those factors other than
population within a five-mile ring influencing the value of P, which is referred to as the random error. The inclusion of e is an explicit recognition that a precise relationship between profit and population is unlikely
in real life. While population may help to explain profits, it does not completely explain or determine them. In other words, it is unlikely that we
can completely explain P. While we believe that our model captures the
major determinant of sales, population within a five-mile ring, there are
other variables that have relatively minor effects on the dependent
65
variable.
200,000 people within a five-mile ring may have profits of $95,000 per year, while another
restaurant in a different location that also has a population of 200,000 within a five-mile ring
may have profits of $125,000. Naturally, this means that P cannot be predicted exactly, but
we can make certain probabilistic statements with measurable degrees of confidence.
In statistical generalities, this set of values for P is referred to as a probability distribution. A probability distribution is the range of values and frequency of values of P. In other
words, P may range between 0 and $1,000,000 with 0 and $1,000,000 being very uncommon
and $153,500 being the most common value. A graph of all the values of P around the
average value of P would produce a probability distribution.
65. The cumulative influence of these minor effects, however, may not be trivial and,
therefore, must be captured. The random error incorporates these minor factors in the
regression model. It is assumed that the cumulative impact of these minor factors is small
relative to the influence of the independent variable(s). Moreover, it is assumed that these
influences can be treated as though they occurred by chance, i.e., that on average they will
cancel each other out and have no net effect on our damage estimate.
There are three standard assumptions regarding statistical properties of the error term.
First, we assume that the expected value of the error term is zero. This means that if we take
repeated samples, the random error term for any particular value of POP is on average
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Estimation of the Regression Parameters

The model presented in the initial regression equation (1) is a linear
one. Since the expected value of e is zero, on average it will wash out.
The next task is to estimate a and b, which are known as the regression
coefficients or the parameters of the regression model. The goal is to obtain estimates of a and b that will provide a straight line that best fits the
data in Figure 1. The notion of a "best fit" implies some standard. The
statistical standard employed is that of a measure known as "least
squares."66 A statistical computer program is most often used to calculate
least squares. This technique finds estimates of a and b such that the sum
of the squared deviations of the observed values of P from the values that
lie on the regression line are minimized. In other words, for any given a
and b, one calculates the difference between the actual value of P and the
predicted value, squares these differences, and then totals. Then different
values for a and b are chosen until the lowest value for the sum of the
squared deviations is found. In that sense, the least squares regression line
"fits" the data "better" than any other line. Using these "best fit" estimates
of a and b, we construct the straight line through the data plotted in Figure 1.
For the observations plotted in Figure 1, least squares regression
67
yields the following estimates:
a = $114,125
zero-it is neither positive nor negative and, therefore, it will wash out on average. This is
extremely important, because if the expected value of the error term were not zero, then we
could not estimate the effect of POP on P simply by looking at different values for POP. In
this event, changes in POP would be related systematically to changes in e and our model
would not provide a good estimator because it is really not explaining variations in P.
The second assumption about the random error term is that its probability distribution
is norma, i.e., it follows the classic bell-shaped curve. A normal probability distribution has
the majority of the values distributed close to the mean or average value; as you move further
from the mean the frequency of the values drops off. Normality of the error term means that
for every value of POP, the random error is distributed normally around its mean or average
value, which we just assumed equals zero. This seems like an extremely restrictive assumption, but it is less so than one would think. Recall that the error term is due to the presence
of a large number of small influences that are not explicitly included in the model. Each of
these minor influences produces a small deviation of P from the value that it would assume if
the relationship between POP and P were completely deterministic.
An interesting statistical result is that such random unsystematic errors tend to be distributed normally. Normality of the error term is an extremely useful property for two reasons.
First, it makes precise probability statements about the regression results possible because we
know so much about the normal distribution. Second, it is essential for an important property of the estimators, which we will examine in more detail below. The third assumption is
that the error term is homoskedastic, which simply means that every random error has the
same (albeit unknown) variance. In our example, this means that the variance of the error
term is not greater for areas with larger populations than for areas with smaller populations.
In other words, the chance of observing a small error rather than a large error is the same for
all values of POP. This assumption is very important because regression analysis is a form of
averaging that deals with small random deviations in an efficient way provided that they are
independent. If the random errors are not independent, then something should be done
explicitly to deal with this. See KMENTA, supra note 55; see also Fisher, supra note 56.
66. See KMENTA, supra note 55 for an especially clear derivation of the least squares estimation formulas. The mathematics is straightforward and uncontroversial.
67. The caret or "hat" over a variable is a signal that this is an estimate of the true
(unobservable) value of the population parameter.
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and

-- $.15

where $114,125 is the vertical intercept of our regression line and $.15 is
the slope. In Figure 2, we have reproduced the observations displayed in
Figure 1. In addition, we have used $114,125 as the intercept on the vertical (i.e., profit) axis and $.15 as the slope to plot the regression line.
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The estimates indicate that each restaurant enjoys average annual
profits of some $114,125 irrespective of the population base. In addition,
average profits will increase by $.15 per person within the five-mile ring.
If, for example, there were 400,000 people within a five-mile ring around a
particular site, this simple model would predict average annual profits of
$114,125 plus $.15 times 400,000 people or, $60,000, for a total of
$174,125.
When using least squares regression analysis, one must be aware that
the results are sensitive to extreme values in the sample. Because extreme
values represent relatively large deviations, they can distort our perception
of the true relationship. Extreme values are known as outliers, because
they tend to fall outside the expected range of values for the data. 68 When
one plots the data as we have done in Figure 1, one can identify observations that do not seem to fit. With the least squares method, outliers must
be handled with care. Any temptation to discard outliers must be resisted

68. For clear examples of how an outlier can distort the regression analysis, see MADsupra note 55, at 88-96. See also Daniel L. Rubinfeld & Peter 0. Steiner, Quantitative
Methods in Antitrust Litigation, LAw AND CONTEMP. PROBS., Autumn 1983, at 69, 93.
DALA,

DENVER UN/VRS/TY LAW REVIEW

[Vol. 72:1

because these observations may provide important information and actually improve the reliability of the model.
The first step in a prudent analysis of outliers is to determine if the
potential outlier is really a problem by dropping these observations and
allowing the computer to "refit" the line using the modified data set. If
the new line is not appreciably different from the first one, the outliers are
usually not troublesome. Nonetheless, it may be wise to retain these observations, especially if the data set is small.
If the modified data set produces a substantially different regression
line, the outliers must be inspected more closely. Sometimes outliers indicate mistakes in either data collection or data entry. In these cases the
error should be corrected or the outlier should be removed from the data
set and replaced with the corrected value. If the outlier is a reliable data
point, it generally should remain in the model because of the information
it inherently provides about the variability in the sample data. 69 The analyst must be very careful when he elects to delete any data. In a litigation
context, such decisions will be challenged and justification must be pro70
vided in order to avoid the impression that the results were contrived.
In terms of our data set, an outlier would be a data point with a value
of, say, $500,000. Such a value may be observed if someone mistakenly
recorded an extra zero or it might reflect actual profits for an exceptionally successful restaurant. If the former, it should be corrected. If the
latter, it may improve the model because it is an indicator that, given certain factors, such a value for profit is possible.
D.

Hypothesis Testing

For our regression model to be useful in predicting profit, the independent variable, population, must actually contribute some information to explain profit. To test the utility of the regression model, one must
test the validity of the hypothesis that population is a determinant of
profit. To understand the testing method, it is necessary to understand
the meaning of the model's parameters.
As discussed previously, the first parameter, a, is the intercept on the
profit axis. Literally interpreted, this parameter indicates that when a res69. See Rubinfeld & Steiner, supra note 68, at 93.
70. Michael 0. Finkelstein & Hans Levenbach, Regression Estimates of Damages in PriceFixing Cases, LAw AND Co rTMP. PRons., Autumn 1983, at 145, 150-153, relates an extreme
example of massaging the data. In Chicken Antitrust Litigation, 1980-2 Trade Cas. (CCH)
63,485 (N.D. Ga. 1980), the plaintiff's experts found that the prices of chicken were actually
lower during the conspiracy period than their model would have predicted absent the conspiracy. To conclude that prices were higher, they excluded all observations during the conspiracy period where actual prices were not above the model's predicted price. On a purely
statistical basis, one would expect that half of the time the prices actually observed will exceed the predicted value and half of the time they will fall below the predicted value. The
experts' justification for deleting those instances where observed prices were below the predicted prices was that the conspiracy was effective only on an intermittent basis. Be that as it
may, by looking at only the observations that support the a priorisuspicion that prices should
be higher due to a conspiracy, one will be led to a damage estimate that is unrelated to the
conspiracy.
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taurant is located in a spot with no population within five miles, it will have
$a in profit. In this example, P = $114,125 when POP = 0. This interpretation, however, is unreliable because it is based on values falling far outside
the range of the sample data. In the data set, there is not a single business
at a site where there are no people within five miles. In fact, the smallest
population recorded in the sample data was 32,000 and the next smallest
was 93,000. Therefore, predictions outside the data range that rely on the
interpretation of the intercept are suspect and should be avoided if at all
71
possible.
The second parameter, b, also discussed previously, is the slope of the
regression line. For the purpose of this model, b indicates that for each
additional person living within five miles of a restaurant location, the
model predicts that the business will experience an additional $b in profit,
which in this example equals an additional $.15. Since this parameter is
critical for prediction, this parameter must be tested to ensure that it is
statistically significantly different from zero. 72 In other words, the test will
determine whether the original hypothesis is valid, i.e., whether the independent variable, POP, contributed to the determination of or explained the dependent variable, P.
The model's hypothesis is given below in two parts. The first is the socalled "null hypothesis," which states that the independent variable, POP,
does not in any way explain P or provides no information in predicting the
dependent variable, P. The "alternative hypothesis" states that there is a
functional relationship between the independent and dependent
variables:
H 0:b=0
Ha:b*0.
If the null hypothesis is rejected, then the statistical inference is that some
statistically significant relationship exists between population and profit.
Rejection also indicates that the model has some utility for prediction. A
73
computer program performs this hypothesis testing.
The results of this computer testing indicate that the probability of
drawing a sample of seventy-five restaurants that would produce an esti71. Rubinfeld & Steiner, supra note 68, at 95.
72. For an interesting analysis of statistical significance and legal standards of proof, see

David H. Kaye, Statistical Significance and the Burden of Persuasion, LAw AND CONTEMP. PROBS.,
Autumn 1983, at 13. See also David H. Kaye, Is Proof of Statistical Significance Relevant?, 61
WASH. L. REv. 1333 (1986). For the statistical analysis, see KMENTA, supra note 55.
73. The program produces what is called a "t-statistic" to evaluate the coefficient's statistical significance. The resulting t-statistic can be compared to critical values that correspond
to any predetermined level of statistical significance, which is referred to as the alpha level.
The alpha level is a statistical measure of confidence; the degree of confidence is inversely
related to the alpha level. For example, customary alpha levels are .05 and .01. An alpha
level of .01 signifies greater confidence than an alpha level of .05. The t-statistic tells the
analyst whether the slope coefficient, in our case b, is statistically significant (different from
zero) and the degree of confidence in rejecting the null hypothesis, which states that the true
value of b is zero. In our case, the t-statistic for the estimate of b is the ratio of the coefficient
estimate (b) to the standard error of the estimate s:
t = b/sL = .15/.032 = 4.69

The standard error of the estimate of b is denoted as s. This is a measure of the variation in the estimate of b. Numerically, in this example,
% = 0.032
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mate of b equal to $.15, when in fact the true value of b is zero, is less than
one percent. This is the sort of statement that one can make about the
certainty associated with the regression results, in statistical language a
"probabilistic statement." As is true for any regression result, one cannot
say that POP is, in fact, a determinant of P. One can, however, make a
probabilistic statement that the statistical result indicates that it is extremely likely that this is the case. The estimate of b is said to be a reliable
predictor of profits or, in the language of statistics, "statistically significant." The null hypothesis is, therefore, rejected, and it can reasonably be
inferred that POP is a determinant of profit.
The regression model generates a point estimate-or a specific numerical value-of b, which in this instance equals .15. This point estimate
is our best guess as to the true coefficient. To get a feel for how precise
this point estimate may be, one may turn to the "confidence interval" for
this estimate. First, we start with the degree of confidence or certainty that
we want, say 95 per cent, the common degree of confidence used by statisticians. Then we use the estimate of b and its standard error, which is a
measure of the range of possible values for b, to construct the confidence
interval. 7 4 As a result, we can make the following sort of probabilistic*
statement: If one takes repeated samples and calculates confidence intervals in the same fashion, then (i-a) per cent of those confidence intervals
will enclose the true value of b.7 5 The smaller the confidence interval, the
more precise the estimate. In our example, the 95% confidence interval is
0.087 < b < 0.213.
While out point estimate was $.15, the bounds on the 95% confidence
interval are approximately $.09 and $.21. In other words, we can say that
we are 95% sure that the true value of b falls in this range.
There is another way to evaluate how well the estimated regression
line fits the observed data. This is the coefficient of determination, which
is usually denoted by R2. This measure is calculated by breaking down the
variation in the dependent variable (P) into its component parts and isolating the proportion of the variation in profit accounted for by the independent variable (POP). 7 6 In this example,
R 2 = 0.2447,
which means that the variation in population across the seventy-five restaurant locations explained about a quarter of the variation in profits across
those locations. For a simple model like ours, one might consider this to
74. As a general matter, the confidence interval for the estimate of b is where t,_2 /2 is
the value of a t-statistic with n-2 degrees of freedom that cuts off a/2 of the area under the t
distribution at each tail. Notice that in this expression the end points are random variables
because b appears. For a clear explanation of the value of confidence intervals in resolving
legal disputes, see generally Herbert Solomon, Confidence Intervals in Legal Settings, in STATISTICS AND THE LAw, 455-73 (M. DeGroot et al. eds., 1986). For further discussion, see generally D. H. Kaye, Apples and Oranges: Confidence Coefficients and the Burden of Persuasion, 73

CORNELL L. Rav. 54 (1987).
75. See KMENTA, supra note 55, at 188-89.
76. Since R is a proportion, it must assume values between zero and one. Furthermore,
the addition of variables irrespective of their significance will "improve" (i.e., increase) the R
measure.
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be a rather good performance. On the other hand, the model leaves
about seventy-five per cent of the variation unexplained. A word of caution: preoccupation with indiscriminately "improving" the RF, as some
literature may unintentionally encourage, may be inconsistent with objective analysis and may actually decrease the reliability of the model if there
2 77
is no scientific rationale for the steps taken to increase R1.
E.

Statistical Propertiesof Least Squares Estimators

Under the assumptions of the least squares regression model, the resulting estimates have some desirable statistical properties. 78 First, the
least squares regression estimators, i.e., the estimates of a and b, are unbiased, which means that the expected value (or the mean) of the estimator
is equal to the true value of the population parameter. This is important
because sample data rarely encompass the universe of possible values,
known in statistics as the population. A sample is a subset of the population. In our case, the expected value of d is a and the expected value of b
is b. This property is important because, on average, the least squares estimators are correct. Biased estimators, on average, will be wrong.
Second, the least squares regression estimators have a smaller variance than any other linear, unbiased estimator. In this sense, these estimators are deemed "best." In combination, these two properties define
efficiency. If the estimator is unbiased, and the variance of the estimator is
smaller than the variance of any other unbiased estimator, then the estimator is said to be efficient.
Third, the least squares regression estimators are consistent, which
means that as the sample size increases, the bias (if any) approaches zero
and the variance approaches zero.
F.

A More General Model

In our example, it could be argued that the model is too simplistic. It
contains only one explanatory variable, population within five miles of the
restaurant location. Other variables influencing demand such as income,
wealth, racial composition, educational attainment, and the like could also
be important. This possibility cannot be ignored at the outset unless economic theory suggests that these variables should not be included. Accordingly, we return to the first step in the regression analysis; the use of
economic theory to identify the relevant economic and demographic variables to include in the model.
77.

See, e.g., Glen A. Stankee, Econometric Forecastingof Lost Profits: Using High Technology to

Compute CommercialDamages,FLA. Bus. J.,June 1987, at 83, 85 (noting that "the higher the Rsquared factor, the more reliable the predictions will be"). Stankee adds, however, that the
R can be inflated by simply adding more explanatory variables to the regression model,
which encourages a "kitchen sink" approach to modelling. Id. As our article points out, what
should be included in the model is a matter of economic theory.
78. For the technical developments of these properties, see generally KMENTA, supra
note 55.
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As we concluded earlier, profits are dependent upon the size of the
local population. We therefore included the population within a five-mile
radius of each restaurant site. In addition to the sheer size of the population, other characteristics of the population may be relevant. For example, eating in a restaurant is more expensive than eating at home. Thus,
sales also may be influenced by the income and wealth of the local population. Accordingly, we may want to include measures of household income
or per capita income and a wealth measure such as the value of housing in
the area. Further, since meal preparation at home is time consuming and
women may be disproportionately saddled with that responsibility, female
work force participation rates may influence sales as well. To the extent
that educational attainment is important in the decision to frequent the
restaurant chain in question, we may want to include variables for median
educational attainment in years and the percentage of the population that
graduated from college. If racial composition seems important, one can
include a variable indicating the percentage of the total population that is
a given race. Finally, in our case, the restaurant is built in two configurations that can be categorized as "large" and "small." Those locations with
large versus small restaurants must be identified to see whether the configuration of the restaurant is a determinant of success.
When we go to a more complete model by adding other independent
variables, graphically plotting the resulting relationship becomes impossible because its dimensions cannot be captured on a flat surface. The conceptual basis of the techniques, however, remains the same. The
expanded model may look like the following:
P = b0 + b, POP + b 2 L + b3 MHV + b 4 HHI + b 5 MEA + b6 FWP + e
P
= annual profit

POP
L
MHV
HHI
MEA
FWP

=
=
=
=
=
=

e

= random error term

total population within a five-mile ring
1 if restaurant is large and 0 otherwise
median housing value
median household income
median educational attainment in years
female work force participation rate

In order to estimate the regression parameters, that is, the coefficients b0
through b 6, one must gather data on each of these variables for every restaurant in the sample. A computer program is then used to calculate the
least squares regression estimates of the coefficients.
The results in this case are as follows:
P = $47,078 + $.187 POP - $1670 L
+ $2.87 HHI + $.60 MHV - $588 MEA
79
+ $98.55 FWP
79. The random error term has been omitted for the purposes of this hypothetical
application.
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All of the variables, except median educational attainment (MEA) and the
dummy variable for large restaurants (L), are statistically significant at
conventional alpha levels, i.e., a = .05 or a = .01. Furthermore, the expansion of the model has greatly improved our ability to explain the profit
performance of the restaurants in the Jolly Rogers system: the R2 is now
.741, which means that about 74% of the variation in profit across Jolly
Rogers restaurants is accounted for by variation in these variables.
The interpretation of the coefficients is slightly different. One infers
that, after controlling for other variables, a one unit change in the variable
under consideration will cause a change in profit equal to the coefficient.
For example, when population (POP) increases by one person, annual
profit (P) of the restaurant rises by $.187. When median household income (HHI) in the area rises by a dollar, restaurant profits increase by
$2.87. Notice that increasing median educational attainment (MEA)
causes restaurant profits to decrease by $588. We can avoid the conclusion
thatJolly Rogers appeals mostly to the uneducated by noting that this coefficient is not statistically significant. In the case of the restaurant size, L is
a so-called dummy variable because it can take on values of only zero and
one. Its coefficient provides information on the differential effect, if any,
that can be attributed to having the "large" restaurant. Here, we got a bit
of a surprise because it appears that having a large configuration actually
caused profits to decrease by $1670. This result could also be spurious since
the coefficient was not statistically significant. When evaluating a multiple
regression analysis and determining what estimates are reliable, one must
focus generally only on those that are statistically significant.
G. Estimation of Lost Sales: The Millers' Tale Resolved
The regression coefficients were estimated on the basis of a sample of
seventy-five restaurants in the Jolly Rogers system. This average relationship may be used to estimate the profits that the Millers lost in 1990. In
order to do this, one must have the economic and demographic data for
the Millers' location. Once the data are substituted into the estimated
regression equation, an estimate of what the profits would have been but
for the termination can be calculated. Assume the actual values for the
Millers' location were as follows:

POP

= 210,000
L
=1
HHI = 32,000
MHV = 84,000
MEA = 12.5
FWP = 45.3

Plugging these numbers into our equation reveals that the estimated
profit for 1990 is $224,032.
For the years 1991 and 1992, the demographic data for the Millers'
location may be different than those used to estimate the 1990 profit figure. If this is so, the 1991 and 1992 data must be substituted and the
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estimated profit re-calculated for 1991 and 1992. To arrive at the Millers'
total lost profits, one must add interest to the lost profits to compensate
for the fact that they did not have the benefit of this money during 19901992.80
III.

ADMISSIBILITY OF MULTIPLE REGRESSION MODELS

A multiple regression model is of little use to a litigant if it is deemed
inadmissible. Generally, all relevant evidence is admissible. 8 1 Relevant evidence is defined to be evidence tending to make the existence of a material fact more or less probable than without the evidence. 82 Based on this
definition of relevance and the previous discussion, it seems obvious that
multiple regression analysis is relevant evidence. The amount of harm, if
any, suffered by a litigant is often the centerpiece of a trial and almost
always an important fact to be determined. Damage estimates that measure that harm are therefore unquestionably a material fact in a litigant's
case. Multiple regression analysis, by its inherent nature, tends to prove
the material fact of damages. Hence, so far, our multiple regression analysis seems judicially irresistible. Furthermore, multiple regression analysis
is really nothing more than a scientific means of projecting lost profits
based on an assortment of data. The projection method has long been
83
recognized as a legitimate means of proving damages.
Multiple regression analysis, however, is a statistical technique and in
some respects the law has looked askance at statistical "proof." The principal reason for this jaundiced judicial view of statistics is probably predicated on the view that statistics may lie or be used to deceive. People may
also lie or deceive. This does not, in and of itself, preclude the admissibility of oral testimony. We contend, therefore, that statistical evidence
should be no different and consequently admissible, provided that the litigant seeking to have the statistical evidence admitted is able to conform to
the common law rule that proof of damages must be reasonably certain
84
and not speculative.
Generally, the term "speculative" means that the evidence sought to
be admitted is founded on illogical assumptions that have no basis in fact
or experience. To be admissible, a multiple regression analysis cannot be
80. This is consistent with the well-established and generally accepted concept of the
time value of money.
81. FED. R. Evro. 402. This article makes reference to the Federal Rules of Evidence on
the assumption that most states have evidence codes similar to the Federal Rules.
82. FED. R. EVID. 401.
83. See, e.g., Dolphin Tours, Inc. v. Pacifico Creative Serv., Inc., 773 F.2d 1506, 1511 (9th
Cir. 1985).
84. See FED. R.EVID. 403 ("Although relevant, evidence may be excluded if its probative
value is substantially outweighed by the danger of unfair prejudice, confusion of issues, or
misleading the jury, or by consideration of undue delay, waste of time, or needless presentation of cumulative evidence.")
For an outline of the legal principles governing recovery of lost profits and cases supporting the same, see generally ROBERT L. DUNN, REcovERY OF DmAXG.ES FOR LosT PROFITS
(4th Ed. 1992).
For a legal and economic analysis of the concept of"speculativenes," see generally Roger
Blair & William Page, supra note 16.
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speculative. In other words, the assumptions underlying both its theoretical construction and its data must be logical and based on generally accepted statistical principles. This is eminently reasonable when one
considers that multiple regression analysis is proffered through the testimony of an expert. Since the expert is subject to cross-examination on
this and all aspects of his testimony, the expert must be qualified to render
a statistical opinion. Weaknesses in the assumptions or logic of a multiple
regression analysis can be rooted out by cross-examination. Our judicial
system relies heavily on cross-examination to do this in many other contexts-why not with statistical models? Moreover, if any expert's arithmetic or other mathematical computation is part of his testimony, he may
have to explain his method and results. Likewise, a multiple regression
analysis is nothing but a sophisticated mathematical analysis requiring an
expert and a computer to perform it properly. Furthermore, the subject
matter of this expert's testimony is discoverable, and should a litigant wish
to counter the testimony of his opponent's expert with that of his own
expert, he is free to do so. Such is the nature of the adversarial process.
Since juries may be wary of statistics, unless simplified by an expert,
multiple regression analysis may appear hopelessly difficult. Therefore,
serious consideration should be given to the method of its presentation.
The results should only be presented by those intimately familiar with
both statistical technique and the data at issue. Otherwise, the effectiveness of multiple regression analysis may be lost in a morass of technical,
and perhaps largely irrelevant, difficulties. Furthermore, multiple regression analysis will often produce "common sense" results. The expert
should therefore stress the logic of the model in light of everyday experience and impress them with the scientific method behind the model.
As a simple example, let us say using our previous illustration that Iam
Bullsheet, a renowned expert, testifies that the Millers' profits should have
been lower by $1670.00 because they had a large restaurant. Mr. Bullsheet
should be subject to cross-examination both on that point (as it was within
the scope of his direct testimony) and with respect to the statistical insignificance of the "large" restaurant coefficient and the apparent illogic of
such a statement in light of everyday experience. More advanced crossexamination may relate to the assumptions discussed previously regarding
the inherent statistical properties of the model and the sample data.
Another interesting observation of the judicial process is that far less
reliable statistical evidence is admitted every day. For example, experts or
other witnesses often are asked about the frequency of certain events occurring, the likelihood of their occurrence, the effect of their occurrence
on something else or the existence (or lack thereof) of a causal relationship between events. These types of questions are all asking for a subjective probability assessment of events. They ask for information akin to that
produced by our multiple regression analysis. Due to biases of all sorts,
including human error in perception, such subjective probabilities may be
seriously flawed in comparison with a truly scientific, statistical analysis of
the events. Therefore, somewhat ironically, the judicial system that refuses
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statistical evidence may forego far more reliable and objective evidence in
85
favor of other forms of evidence that are less reliable and even biased.
Multiple regression analysis is not a dubious statistical technique.
Rather, it is well-recognized and widely used by economists and statisticians. The principles upon which it is based are generally accepted by
practitioners and academics alike. Furthermore, numerous well-respected
86
statistical treatises and textbooks deal in depth with this type of analysis.
Multiple regression analysis is not a suspect bit of hocus pocus designed to
inflate (or deflate) figures to mislead a jury. To the contrary, it is a scientific method designed to rationalize the presentation of statistical
evidence.
While this argument must be tailored to the facts and circumstances
of a given case, it is imperative that the above points be made at trial when
proffering statistical evidence of any kind. This will improve the likelihood of admissibility and preserve the issue for appeal.
CONCLUSION

In this paper, we have described a statistical method for creating a
composite yardstick that is not plagued by the conceptual flaws of less sophisticated methods.8 7 The composite yardstick also provides a way to estimate lost profits where it might otherwise seem too speculative to do so
due to lack of historical financial data or a similar, yet independent, business. Thoughtfully employed, multiple regression analysis provides a rational technique for reliably estimating commercial harm to a business. It
represents a technological advancement founded upon a long accepted
method of calculating damages.

85.

For a general text on the use of statistics in legal proceedings that includes a chapter

on cases involving statistical evidence and demonstrates the wide breadth of applications, see
DAVID W. BARNES & JOHN M. CONLEY, STATISTICAL EVIDENCE IN LITIGATION (1986) (especially
Chapter Ten, Cases Involving Statistical Evidence, 545-95).
86. But cf. Fischer Black, The Trouble with Econometric Models, 35 FIN. ANALVS'r J., Mar.Apr. 1982, at 3 (explaining the problem of confusing correlation with causation); David F.
Hendry, Econometrics-Alchemy or Science?, 47 ECONOMicA 387 (1980) (noting nonsense conclusions drawn from simple correlations, unreliable data, and various errors of linear regression
models); Edward E. Leamer, Let's Take the Con out of Econometrics, AM. ECoN. REv., Mar. 1983,
at 31, 33 (noting the limitations and somewhat arbitrary character of statistical inferences).
87. For a seminal work on the subject of composites, see MARY SHELLEY, FRANKENSTEIN
(1818). Baron Frankenstein's innovative composite was unprecedented, but it proved
troublesomely uncontrollable and was ungratefully determined to turn against its creator.
Undoubtedly, Shelley intended her work as an allegory about brilliant but short-sighted expert witnesses under cross-examination.

